Breast cancer remains the most common cancer of women and one of the most common causes of cancer-related deaths worldwide. In spite of major advances in breast cancer diagnosis and treatment, the incidence of breast cancer remains high and the treatment of metastatic breast cancer remains challenging. This review presents an overview of breast cancer with a particular focus on its clinical aspects and therapies.
menopause, after which the increase slows down or remains stable. Nevertheless, breast cancer is more common in postmenopausal women. Studies of women who migrated from low-risk to high-risk areas demonstrated that breast cancer incidence adjusts to the incidence rate in the host country within one or two generations, indicating the importance of lifestyle and environmental factors in the progression of the disease (8, 9) . According to Globocan, 70,218 deaths in India were due to breast cancer in 2012, exceeding statistics in China (47,984 deaths) and the United States (43,909 deaths) (10) . In 2016, an estimated 1,685,210 new cases was expected to be diagnosed, because of which 595,690 people would die in the United States (11) . In Iran, breast cancer mortality rates increased from 1.97 per 100,000 in 2006 to 2.45 per 100,000 in 2010 (12) . 
Breast Cancer Classification
Breast cancer is classified into categories according to different schemes, each based on different criteria with various purposes. The most important categories are the histopathological type, the tumor grade, the tumor stage and the expression of certain proteins and genes. As knowledge of cancer cell biology develops, these classifications are updated (14, 15) . However, breast cancer can be broadly categorized into in situ (noninvasive) carcinoma and invasive (infiltrating) carcinoma. In situ carcinoma Non-invasive cancers stay within the milk ducts or lobules of the breast, and do not invade normal tissues within or beyond the breast. Breast carcinoma in situ is further subclassified into either ductal carcinoma in situ or lobular carcinoma in situ (15) .
Invasive carcinoma
Most breast cancers are invasive, in which cancer cells break through the walls of the glands or ducts where they originated, and grow into the surrounding breast tissue. The most common invasive breast cancers include invasive ductal carcinoma and invasive lobular carcinoma (16) (17) (18) .
Signs and Symptoms of Breast Cancer
Breast cancer generally show no symptoms when the tumor is small. Once the tumor
INTRODUCTION
Cancer is a group of more than 100 diseases characterized by uncontrolled growth and spread of abnormal immortal cells (1) . Earliest reports of cancer are believed to go back to 1600 BC in the Edwin Smith papyrus. Nevertheless, the origin of the word "cancer" is credited to the Hippocratic physicians, who used the terms karkinos (nonhealing swelling or ulcerous formation) and karkinoma (nonhealing cancer) to define tumors (2) . Galen, a Greek physician, surgeon and philosopher in the Roman Empire, believed that cancer may occur in any part of the body, but it frequently occurs in the breasts of women whose menstruation was abnormal or inexistent (2) . Cancer is currently considered as a major public health problem worldwide. It is the second leading cause of death in the United States (3) and its prevalence is increasing without a satisfactory treatment (1) . At present, there are more than 100 cancer types, including breast cancer, skin cancer, lung cancer, colon cancer, prostate cancer and lymphoma. Most types of cancer cells form a lump or mass called a tumor, and are named after the part of the body where the tumor originates (4) . In general, all tumor cells show the six hallmarks of cancer including cell growth and division in the absence of proper signals, continuous growth and division even in the presence of contrary signals, the absence of programmed cell death, unlimited cell divisions, the sprouting of new blood vessels, and invasion of normal tissues as well as establishment of metastasis (5) . Breast cancer is a heterogeneous disease, which has been first described by the ancient Egyptians more than 3,500 years ago. The earliest record of breast cancer stems from the Edwin Smith surgical papyrus (Egyptian time 2500-3000 BC) (6) . The present review provides an overview of breast cancer with a particular focus on its clinical and diagnostic features, risk factors and therapies.
Breast Cancer Statistics
Breast cancer is the most common cancer among women with approximately 1.7 million new cases diagnosed in 2012, accounting for 23% of all cancer cases. The mortality rates of breast cancer have increased by 14% and it is currently ranked as the fifth cause of cancerrelated deaths (7) . The overall risk of breast cancer doubles each decade until the 2/ Breast Cancer: Risk. . . mammography. Women exhibiting abnormal screening mammograms should regularly undergo further evaluation (22) .
Medical History and Physical Examination
Evaluation of a patient with suspected breast cancer begins with a complete medical history taking. A visual and manual inspection of the breasts should be conducted for the possible presence of lumps or masses, asymmetry, changes to the skin or nipples and tenderness (23) .
Imaging Tests
Diagnostic mammogram and breast ultrasound are generally used to assess an abnormal breast. Other imaging devices such as magnetic resonance imaging, ductogram, scintimammography and molecular breast imaging may be applied along with the above tests to improve diagnostic accuracy (24) .
Breast Biopsy
In some cases, breast imaging can determine that an abnormality is not cancer. Nonetheless, imaging tests alone cannot prove that a lesion is malignant. Breast biopsy is the only definitive method of diagnosing breast cancer, which removes tissue or cells for microscopic examination. There are several different types of breast biopsies, including needle biopsy (fine needle aspiration biopsy and core needle biopsy), image-guided biopsy and surgical biopsy (25) .
Tissue Markers
In 2007, the American Society of Clinical Oncology updated the recommendations for the use of tumor markers as prognostic factors. Markers of clinical utility include CA 15-3, CA 27.29, carcinoembryonic antigen, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor-2 (HER2), urokinase plasminogen activator, plasminogen activator inhibitor and certain multiparameter gene expression assays. Hormone receptor status and HER2 are the major tissue markers used for breast cancer diagnosis (26) . Genomic Profiles Molecular subtypes of breast cancer are based on molecular features but not the tumor's microscopic appearance. Four molecular subtypes have been identified including luminal A, luminal B, HER2-enriched and basal-like breast cancer (27) .
Gene Expression Profiles
Gene expression tests are applied to predict the possible recurrence of early-stage breast grows to a size that can be felt, a painless lump is the most common physical sign. Nevertheless, breast cancer symptoms vary from person to person. Common signs and symptoms include skin changes (such as swelling, redness or other visible differences in one or both breasts), enlargement or change in shape of the breast, skin irritation or dimpling, change in the appearance of one or both nipples, general pain in/on any part of the breast, breast or nipple pain, nipple retraction (turning inward), redness, scaliness or thickening of the nipple or breast skin, nipple discharge (other than breast milk) and lumps or nodes felt on or inside of the breast. In addition, symptoms more specific to invasive breast cancer include irritated or itchy breasts, change in breast color, enlargement or change in shape of the breast, changes in touch (hard, tender or warm), peeling or flaking of the nipple skin, a breast lump or thickening and redness or pitting of the breast skin (19, 20) .
Breast Cancer Risk Factors
A great number of factors are known to increase the risk of breast cancer. Factors associated with an increased or decreased risk of breast cancer include personal and family history (genetic predisposition, personal history of breast cancer, ductal or lobular carcinoma in situ, benign breast disease, endogenous hormone levels, menstrual cycles and bone mineral density), reproductive factors (pregnancy, fertility drugs, breastfeeding, hormonal birth control and postmenopausal hormones), environmental factors (radiation, diethylstilbestrol exposure, environmental pollutants and occupational exposures) and other risk factors (tobacco use, obesity, physical activity, diet and alcohol consumption).
Breast Cancer Diagnosis
Breast cancer is typically diagnosed either before symptoms start to appear (during screening examinations) or after women notice a lump. Most masses are found on mammogram, and most breast lumps turn out to be benign. In general, when cancer is suspected, microscopic analysis of breast tissue is required to establish a definitive diagnosis, to determine the extent of spread (in situ or invasive) and to characterize the type of the disease (21) . Mammography Most breast cancers are diagnosed after suspicious findings from a screening patients with larger and/or more aggressive tumors are more likely to undergo mastectomy. Both BCS and mastectomy are usually accompanied with removal of one or more regional lymph nodes from the armpit (or axilla) to determine if the disease has spread beyond the breast. The presence of any cancer cells in the lymph nodes will help determine the need for subsequent surgery, radiation and medical treatments (31) .
Radiation therapy
Some mastectomy-treated patients also benefit from radiation if their tumor is larger than 5 cm or if cancer is found in the lymph nodes. In addition, radiation can be used to treat the symptoms of advanced breast cancer, especially when it has spread to the central nervous system or bones (32) .
Systemic therapy
In systemic therapy, a drug can reach and affect cells in all parts of the body through the bloodstream. The drugs are injected into a vein or given orally. If given to patients before surgery, systemic treatment is regarded as neoadjuvant or preoperative therapy. Neoadjuvant systemic therapy was found to be as effective as the therapy given after surgery (adjuvant therapy) in terms of survival, disease progression and distant recurrence. Systemic therapy includes chemotherapy, hormonal therapy and targeted therapy, all of which work through different mechanisms (33) . Chemotherapy Chemotherapeutic drugs generally act by attacking cells that grow quickly, such as cancer cells. The benefit of chemotherapy depends on multiple factors, including the tumor size, the number of lymph nodes involved, the presence of estrogen or progesterone receptors and the amount of HER2 protein produced by the cancer cells. Triple negative (ER-, PR-and HER2-negative) and HER2-positive breast cancers tend to be more sensitive to chemotherapy, while ER+ and PR+ tumors are generally less responsive. There is evidence suggesting that combination of drugs can be more effective than singledrug therapies for the treatment of early-stage cancer after initial treatment. The three most commonly tests used for this purpose include the Oncotype Dx, MammaPrint and PAM50 (28) .
Staging of Breast Cancer
Staging is the process of determining the growth, extent and location of cancer in the body. The stage of cancer is one of the most important factors for planning effective treatment. TNM is the most widely used system for breast cancer staging. It stands for tumor (T), lymph nodes (N) and metastasis (M), each of which is followed by a number and sometimes additional letters. By definition, T, N and M components designate the size and invasiveness of the primary tumor, the presence or absence of regional node involvement and the presence or absence of distant metastasis, respectively. When the values for T, N and M are established, the information is grouped and stated as one of five possible stages represented by Roman numerals from Stage 0 to Stage IV (29) . In addition, five-year survival rates refer to the percentage of patients who lives for at least 5 years from diagnosis. An approximate 5-year relative survival rate for various stages of breast cancer includes 100%, 100%, 93%, 72% and 22% for stages 0, I, II, III, and IV, respectively (30) .
Breast Cancer Treatment
Treatment decisions are made based on the stage and biological characteristics of cancer, patient's age, and the risks and benefits. Most women with early stage breast cancer will undergo some type of surgery, which is often combined with other treatments such as radiation therapy, chemotherapy, hormonal (endocrine) therapy and/or targeted therapy. Patients with metastatic cancer are primarily treated with systemic therapies including chemotherapy, targeted therapy or hormonal therapy. Surgery Breast cancer surgery is carried out to remove the cancer from the breast and to determine the stage of disease. Surgical treatment for breast cancer involves mastectomy or breastconserving surgery (BCS). Only cancerous tissues plus a rim of normal tissue are removed in BCS, while the entire breast is removed in mastectomy. However, there is a higher risk of local recurrence (cancer returning to the breast) with BCS compared with mastectomy. Younger women (under 40 years of age) and 4/ Breast Cancer: Risk. . . hetero-dimerization of these receptors results in phosphorylation of residues from the intracellular domain of the receptor, leading to recruitment of signaling molecules from the cytoplasm and initiation of several signaling pathways. HER2 dimerization triggers a number of processes in the cell, culminating in increased cell motility, survival and proliferation, as well as resistance to apoptosis. HER2 is overexpressed in approximately 20-25% of invasive breast cancers (40) (41) (42) . Such tumors are aggressive with rapid growth and early metastasis with frequent spread to the central nervous system. HER2-positive tumors are typically treated with therapies that inhibit HER2 signaling along with chemotherapy (43). Inhibition of the HER2 antiapoptosis activity by targeted therapy provides additive or synergistic effects when combined with certain chemotherapeutic drugs (44, 45) . A number of drugs have been developed to target this protein, which are described below. Lapatinib (Tykerb) is a small molecule and a member of the 4-anilinoquinazoline class of kinase inhibitors. As a dual tyrosine kinase inhibitor, lapatinib interrupts the HER2/neu and EGFR pathways (46) . One of the most successful strategies in the development of targeted therapies has been the production of mAbs directed against epitopes present on tumor cells. Antibody-based therapies targeting HER2 rely on the development of mAbs against epitopes present in the HER2 extracellular domain. After binding to their cognate epitopes, such antibodies exert their antitumor effects via a variety of mechanisms. Trastuzumab (Herceptin) is a humanized IgG1 kappa light chain mAb in which the complementary-determining regions of a HER2-specific mouse mAb were joined to human antibody framework regions through genetic engineering (47) . breast cancer. Based on the combination of drugs used, adjuvant and neoadjuvant chemotherapy is usually given for 3-6 months (34).
Hormonal therapy
Hormonal therapy works by either blocking the body's natural hormones or lowering their levels. Estrogen leads to the increased growth of ER+/PR+ breast cancers. Hormonal therapy is given to patients with ER+/PR+ breast cancer to decrease estrogen levels or block the effect of estrogen on the growth of breast cancer cells. Tamoxifen is capable of blocking the effects of estrogen, and is routinely used for the treatment of premenopausal and postmenopausal cancers. Aromatase inhibitors including letrozole, anastrozole and exemestane are another class of drugs used for the treatment of both early and advanced hormone receptor-positive breast cancer (35) .
Targeted therapy
Since cancer is often presented as a disseminated disease, it is crucial to target both the primary tumor cells and the distant metastases, while sparing non-tumor cells. Everolimus (Afinitor) can help stop angiogenesis and cancer cell growth by blocking mTOR, a protein that promotes cell growth and division. It is currently suggested for women whose cancers have grown while being treated with letrozole or anastrozole (38, 39) . Targeted therapy for HER2-positive breast cancer HER2 is a tyrosine kinase receptor and a member of the HER (or ErbB) family of growth factor receptors. This 185 kDa transmembrane oncoprotein is encoded by the HER2/neu gene. This family of receptors consists of four distinct receptors: the epidermal growth factor receptor 1 (EGFR 1) or ErbB1, HER2 (or ErbB2), HER3 (or ErbB3) and HER4 (or ErbB4). Homo-or Trastuzumab emtansine (ado-trastuzumab emtansine or Kadcyla™) is an antibody-drug conjugate (ADC) consisting of trastuzumab conjugated to the cytotoxic agent emtansine. It is proposed that a HER2 antibody-cytotoxic drug conjugate would deliver the cytotoxic agent directly to tumor cells to circumvent resistance to mAbs because most mAbs have little antitumor activity on their own, even after binding to the target antigen. ADCs are complex molecules composed of an antibody conjugated to a biologically active cytotoxic payload or drug. Typically, the cytotoxins used in ADCs are 100-1000 times more potent than regular chemotherapeutics, and preferably have sub-nanomolar potency. Most classes of cytotoxins used in the ADC structure serve as microtubule inhibitors (such as auristatins and maytansinoids) or DNAdamaging agents (such as anthracyclines and calicheamicins) (58) (59) (60) (61) . Moreover, various other mAbs, ADCs and small molecules are now being studied in HER2-positive breast cancer (62) .
CONCLUSION
Breast cancer is the most common type of cancer in women. Although it can also occur in men, it is far more common in women. A variety of treatment options is currently used for patients with breast cancer, but there is a need for development of tailored targeted therapies (such as ado-trastuzumab emtansine). Such treatments require an improved understanding of the target antigens present on the surface of tumor cells. It is of great value to generate specific small molecules and antibody-based therapies for treatment of patients with breast cancer.
The humanized mAb trastuzumab was the first FDA-approved targeted therapy for the treatment of HER2-overexpressing breast cancer in adjuvant and metastatic settings (48, 49) . Trastuzumab binds to the extracellular domain of HER2 and inhibits proliferation of cultured HER2-positive breast cancer cells (50) . The molecular mechanism through which trastuzumab inhibits cell signaling is not fully understood (51, 52) . The combined results of two large trials indicated that trastuzumab along with standard chemotherapy are able to reduce the risk of recurrence and death by 52% and 33% for early stage HER2-positive breast cancer, respectively, when compared with chemotherapy alone. However, although trastuzumab is effective in HER2-positive breast cancer, 70% of patients with HER2-positive breast cancers stop responding or lose clinical benefits because of primary (denovo) or secondary (acquired) resistance. Mechanisms for resistance are grouped into four main categories: (1) obstacles preventing trastuzumab-binding to HER2, (2) alternative signaling pathways, (3) upregulation of HER2 downstream signaling pathways and (4) failure to trigger an immune-mediated mechanism to destroy tumor cells (53) . The type of resistance varies depending on the type of tumor antigen and pathway, which can be either genetic (i.e. mutations in target antigen/downstream proteins) (54) or non-genetic (i.e. activation of compensatory signaling) (55, 56) . Pertuzumab (Perjeta) is a more recently approved mAb that seems to attach to a different location on the HER2 protein.
Pertuzumab can be given either before surgery to treat early-stage breast cancer, or to treat advanced breast cancer. The mAb pertuzumab binds to the HER2 heterodimer and prevents dimerization with EGFR. HER2-HER3 dimer is potent activator of the PI3K pathway. Although pertuzumab has single-agent activity, most clinical trials have focused on it combination with trastuzumab to obtain a more complete blockade of HER receptor signaling (57) .
